Ubiquinone biosynthesis in Saccharomyces cerevisiae. Isolation and sequence of COQ3, the 3,4-dihydroxy-5-hexaprenylbenzoate methyltransferase gene.
Ubiquinone (or coenzyme Q) is a lipid component of the respiratory chain in the inner mitochondrial membrane, in which it functions in electron transport. Recent reports show that ubiquinone and ubiquinone biosynthetic enzymes are present in both mitochondrial and nonmitochondrial membranes of cells (Kalen, A., Appelkvist, E.-L., Chojnacki, T., and Dallner, G. (1990) J. Biol. Chem. 265, 1158-1164) although the functions that ubiquinone may play outside of the mitochondrion are not understood. To study coenzyme Q synthesis and function we cloned the 3,4-dihydroxy-5-hexaprenylbenzoate (DHHB) methyltransferase gene by functional complementation of a yeast coenzyme Q mutant strain, defective in the COQ3 gene (Tzagoloff, A., and Dieckmann, C. L. (1990) Microbiol. Rev. 54, 211-225). This gene restores both coenzyme Q synthesis in the mutant strain and the ability to grow on media containing glycerol, a nonfermentable substrate. A one-step in situ gene replacement with the cloned DHHB methyltransferase DNA directs integration to the yeast COQ3 locus on chromosome XV of Saccharomyces cerevisiae, establishing that the COQ3 locus encodes the DHHB methyltransferase structural gene. The predicted amino acid sequence of the yeast DHHB methyltransferase contains a methyltransferase consensus sequence and shows a 40% identity with an open reading frame of Escherichia coli, the gyrA5' hypothetical protein. This open reading frame is adjacent to the gyrA gene and close to the mapped location of the ubiG gene at 48 min on the E. coli chromosome. These results suggest that the E. coli gyrA5' open reading frame encodes a methyltransferase and may correspond to the ubiG gene, which is required for ubiquinone biosynthesis.